Abstract. Infrastructure-as-a-Service (IaaS) clouds are widely used today, however there are no standardized or commonly used performance evaluation methods and metrics that can be used to compare the services of the different providers. Performance evaluation tools and benchmarks are able to grasp some aspects or details of performance but for various reasons are not capable to characterize cloud performance. Our aim is to collect these elementary or primitive facets of performance and derive high-level aggregated and qualitative performance characterization semantically far above the output of tools and benchmarks. We designed and implemented a framework that collects low-level raw performance data (in terms of CPU, disk, memory and network) of cloud providers based on standard benchmark tools and these data are aggregated and evaluated using a hierarchical fuzzy system. In this process performance characteristics are associated with symbolic values and fuzzy inference is applied to produce the normalized qualitative comparable and readable performance metrics. In this paper, we discuss the issues of cloud performance analysis, present the concept and implementation of our method, illustrate the proposed solution by comparing -in terms of performancethe general purpose medium instance type of the Amazon EC2 cloud (in Ireland) and the standard instance type of the OpenNebula installation at MTA SZTAKI.
Introduction
Cloud computing, from a user's perspective is a contract: the provider offers a service of negotiated quality and the consumer pays a negotiated fee. Just like in any other commercial scenario, the consumer is curious if the value vs price ratio is right and acceptable. Cloud vendors provide multi-tenant infrastructures and generally do not disclose the technical details of the services (e.g., overprovisioning rate) that makes it difficult for customers to anticipate cloud performance. Furthermore, cloud providers often use different terminologies for resource allocation. Albeit, Service Level Agreements (SLAs) declare the guaranteed level of services, these are typically just the lower limits that neither express what the consumer really gets nor make the services comparable to other providers. From the consumers' point of view the expected "performance" would be interesting so that it enables the comparison to other providers and to the costs. Albeit in this work we discuss "performance", it is worth mentioning that characterizing a service involves many other aspects that are quite related to performance such as Quality of Service (QoS), Quality of Experinece (QoE), in lesser extent robustness, fault tolerance, trust and many others.
Performance analysis of parallel computing environments has been studied extensively in the past (e.g., [7] [14] [8] [11] [2] just to mention a few.). Novel distributed paradigms obsolete parallel performance analysis models and new approaches and tools for characterizing large-scale inhomogeneous and dynamic distributed systems are required [4] [9] . The advent of cloud computing introduced new features that rendered performance evaluation largely unsolved and target of intensive research.
The challenges of cloud performance analysis largely stem from virtualization, the complete separation of the physical and virtual entities. All former performance evaluation approaches were focusing on the physical infrastructure and the physical performance profile of resources. Virtualization, a characteristic and inherent feature of clouds however, introduces another dimension of complexity: the measured and evaluated performance, i.e. what a consumer gets, are not of a physical machine. This requires new approaches and potential, new definitions for performance evaluation for the following reasons. (i) Service providers may split or merge physical resources to accommodate virtual machines. Hence, performance measured at the physical level does not characterize the performance of virtual machines. (ii) Service providers may offer different instance types. Thus, performance of virtual machines is loosely coupled to physical machines: it is a characteristics of a hypothetical (volatile) infrastructure and potentially not characteristic to the entire or physical infrastructure. (iii) Multi-tenancy adds a large uncertainty factor. (iv) Due to all these reasons, for the time being, there are no widely accepted performance analysis techniques for cloud infrastructures. Performance itself is multi-dimensional, composed of many facets, performance metrics are not standardized, not comparable, sometimes even hard to interpret and cannot be measured at the physical level.
Our work is aimed at establishing a framework that enables the performance characterization of IaaS providers so that services of different providers or instance types of the same provider became comparable by metrics that are (i) symbolic for easy interpretation (ii) aggregated to cut down dimensions and data volume (iii) comparable to each other. Furthermore, our method is (iv) especially tailored for the virtualized machines. We apply logic and fuzzy inference to create the abstract, symbolic performance characterizations from raw performance data. The result is a readable, abstract yet precise and comparable description of virtual machines.
As it was stated we try to characterize and compare cloud services from performance point of view. This is not identical to the notion of performance analysis
